Conclusions-In untreated coeliac disease there is a hyperdynamic mesenteric circulation that decreases after treatment.
Coeliac disease is characterised by damage to the mucosa of the small intestine and malabsorption of most nutrients after the introduction of cereals into the diet. Clinical presentation is typically linked to malabsorption, but can be highly variable, especially in adults.
During the active clinical phase of the disease, histology can show a flat surface, absent villi, hyperplastic crypts, and increased cellularity of the lamina propria. Changes in mucosal vascularity in coeliac disease' can also give rise to modifications in blood flow in the small intestine. To date few studies and little information are available on splanchnic haemodynamic changes during coeliac disease.`A Doppler ultrasound flowmetry has been recently validated as a non-invasive and accurate method in the assessment of both arterial5`7 and venous8 9 splanchnic haemodynamics. The aim of this study was to investigate arterial and venous splanchnic Doppler variables in patients with untreated and treated coeliac disease and in healthy subjects to identify possible differences between the groups. Doppler variables were also re-evaluated in five untreated patients with coeliac disease after nine months of gluten free diet to determine the influence of treatment.
Patients and methods

Patients
Twenty two patients with coelic disease (17 women, five men, mean age 30.5 (SD 4.0), 13 untreated and nine treated, and nine healthy subjects entered the study.
In all 13 consecutive patients with untreated coeliac disease (UTCD), biopsies of the mucosa of the small intestine showed a flat mucosa. In the five patients of this group reexamined after nine months of gluten free diet, treatment induced a complete clinical, laboratory, and histological recovery.
Of the nine patients with treated coeliac disease (TCD) eight were symptom free and one reported three daily diarrhoeal episodes, abdominal bloating, and diffuse abdominal pain. They had been treated in the past with a nine month period of gluten free diet, and follow up biopsies had shown the restoration of normal mucosal morphology. Laboratory variables had been normalised and serum IgA and IgG antigliadin antibodies titres had returned to normal values or had decreased considerably.
The control group comprised nine healthy subjects (seven women, two men, mean age 29.3 (SD 0.7) matched by sex, age, and percentage of ideal body weight (IBW%) ( Table I) .
Neither the healthy controls nor the patients were taking any drugs known to cause vasoactive phenomena.
The nature of the study was fully explained to each patient and informed consent was obtained from each. The study was designed and performed in accordance with the principles of the Declaration of Helsinki. Fo is the emitted ultrasonic wave frequency, a is the angle between ultrasonic beam and longitudinal axis of the vessels. In this study a was maintained at 30°-60°. Frequency data were converted to velocity data using the software within the instrument.
The MV was determined in the portal vein, splenic vein, superior mesenteric vein, and superior mesenteric artery. In the last vessel the PSV, EDV, and the PI were also assessed. The portal vein was visualised at the midpoint of the portal trunk, the splenic vein and superior mesenteric vein at 2 cm from the confluence, the superior mesenteric artery in the first part, near its origin from the aorta, where its course was more linear. All the vessels were visualised in longitudinal axis and the sample volume was positioned in the centre of the vessels and was at least two thirds of the vessel diameter. Each vessel was studied for about five minutes and the Doppler trace was always recorded three times, each longer than five seconds, to obtain a reproducible range of blood flow and to average any venous flow fluctuations. Mean velocity was calculated as a mean of three consecutive measurements. In the five patients re-evaluated after treatment ultrasonographic pictures of previous examinations were used to reproduce the same ultrasonographic section, sample volume, and insonation angle. The echo Doppler feasibility of various vessels was 100% for portal vein, 87% for splenic vein, 81% for superior mesenteric vein, and 100% for superior mesenteric artery. The results of echo Doppler feasibility were not statistically different between the three groups.
To avoid the influence of meals,'4 exercise, and postural changes9 15 16 on splanchnic haemodynamics and to exclude the effects of respiratory cycles, Doppler ultrasound investigations were performed in all patients after an overnight fast, at rest, in the supine position, and during quiet respiration.
Arterial pressure at the left forearm, arterial pulse at the radial artery, arterial Doppler variables at the right femoral artery, and the diameter of all the vessels considered were also measured.
All the variables mentioned above were reassessed after nine months of gluten free diet in five patients of the untreated group.
The Doppler data (mean velocity, peak systolic velocity, end diastolic velocity, and pulsatility index) were calculated by the same ultrasound system and all the duplex Doppler studies were performed by the same skilled sonographer (CC), with more than four years of experience. In our ultrasonographic laboratory the variation between two operators (VA and CC) and the intraobserver variation (CC) were <6% and <4% respectively. The comparison between the groups showed that both MV and EDV in the superior mesenteric artery were significantly higher in untreated patients with coeliac disease than in treated patients (p<0-002; p<004) or healthy subjects (p<0001; p<0025). Moreover, in the superior mesenteric artery PI was significantly lower in untreated patients with coeliac disease than in treated patients with coeliac disease (p<0035) or healthy subjects (p<00003) ( Table II ).
In the five untreated patients with coeliac disease, re-evaluated after nine months of gluten free diet, both MV (p<003) and EDV (p<002) decreased and PI (p<003) increased in the superior mesenteric artery (Figs 1 and 2 ). In this group of patients, mean velocity in the superior mesenteric vein significantly decreased after treatment (p<0.05) (Fig 3) .
The flow velocities in the right femoral artery, the diameter of all the vessels studied, the arterial pressure, and the arterial pulse did not differ in the three groups (Table LII) In our study we evaluated the possible effects of coeliac disease on splanchnic haemodynamics and in particular on blood flow velocity in the portal vein, splenic vein, superior mesenteric vein, and superior mesenteric artery. The results showed that in untreated coeliac disease definite variations of blood flow velocity occurred only in the mesenteric circulation, whereas the flow velocity in portal and splenic veins remained nearly constant. Moreover, systemic haemodynamics, evaluated by arterial blood pressure, arterial pulse, and blood flow velocities in right femoral artery did not differ in the three groups. In the superior mesenteric artery both the mean flow velocity and the diastolic component of the Doppler spectra waveform were significantly higher in untreated coeliac patients than in treated coeliac patients or healthy controls, whereas PI was significantly lower in the untreated coeliac patients than in treated coeliac patients or healthy controls. Only the systolic component of arterial blood flow did not change between the three groups. The same data were also confirmed by comparing the Doppler variables in the five patients evaluated before and after nine months of gluten free diet. The treatment resulted in a reduction of both mean flow velocity and end diastolic flow velocity and an increase in PI in the superior mesenteric artery. The higher blood flow velocity in the superior mesenteric artery of untreated coeliac patients is also reflected in the venous bed. The mean flow velocity in the superior mesenteric vein was higher in untreated patients with coeliac disease than in treated patients with coeliac disease or healthy controls although the difference was not significant. This lack of significance could be due to the greater difficulty in visualising the superior mesenteric vein and in obtaining a proper Doppler angle of insonation. In fact, in the five patients re-examined after treatment in whom it was always possible to obtain adequate Doppler traces, the mean flow velocity in the superior mesenteric vein significantly decreased after the nine month period of gluten free diet. This result, although found in a small series of patients, is more precise and accurate because it is not influenced by variations between patients.
All these data show that intestinal hyperaemia and hyperdynamic mesenteric circulation occur in coeliac disease due to the reduction of resistance. The cause of the drop in resistance is not yet well established, but an important role can be attributed to the structural rearrangement of intestinal mucosa during coeliac disease.
It is well known that absorption, secretion, and motility functions of the small intestine are localised in the mucosa, submucosa and muscular layers respectively. Eighty per cent of total intestinal blood flow is distributed to the mucosa-submucosa, presumably reflecting the higher metabolic demand of these layers, and the blood flow to the villi and crypts, estimated using radioactive microspheres and indicator dilution techniques, accounts for 240/o-37% and 2 10/o-27% respectively.22 23 From the anatomopathological point of view, the typical lesion in coeliac disease involves the mucosal layer of the small intestine, with the submucosa, muscular layers, and serosa being spared. The mucosal alteration is characterised by a complete loss of intestinal villi, a flat absorptive surface, a pronounced crypt hyperplasia and a superficial network of vessels that replaces the normal arrangement of capillaries. The In conclusion, these data showed that in untreated coeliac disease: (a) a hyperdynamic mesenteric circulation is present; (b) the increase of mesenteric blood flow velocity is due to the increase of diastolic component in the arterial bed and of mean flow velocity in the venous bed; (c) these haemodynamic changes are easily assessed by Doppler ultrasound, (d) they are due to a drop in resistance, and (e) they are linked to the clinical phase of the disease and normalise within nine months of gluten free diet.
